With the vehicle technology development, vehicle cluster becomes a moving intelligent and information terminal. More and more functions are added into vehicle cluster. Traditional cluster can't meet this requirement anymore. Cluster under MCU control is one good solution for this development trend. In this paper, it describes the development of digital cluster, including LCD drawing algorithm and information interaction methods and its application.
INTRODUCTION
With the vehicle technology development, vehicle becomes a fast moving intelligent and information terminal. In this development trend, vehicle cluster plays an important role. More and more functions are added into vehicle cluster. It's not only a traditional cluster which provides the vehicle information, but also an information interaction terminal. It deals with information from engine ECU, trip recorder, GPS/GSM module, etc. through signal cable, CAN bus, key button and other communication methods.
In the more than 100 years' history of automobile technology development, automobile cluster also continuously develops. For automobile cluster, based on principle its development can be divided into four generations. 1st generation cluster is mechanical cluster which is based on mechanical force, that is mechanical core cluster; 2nd generation cluster is electrical cluster which is based on principle of electrical measurement principle, that is transfer the measured non-electrical signal into electrical signal through various sensors; 3rd generation cluster is analogue circuit cluster; 4th generation cluster is digital cluster.
Currently cluster technology is developing from 3rd generation to 4th generation. The principle of 3rd generation cluster is same as that of 2nd generation cluster. The only difference is to take place the electrical devices with electronic components. With the rapid development of integration circuit technology, now this technology has been widely used on all automobiles clusters. 4th generation cluster is digital cluster which belongs to electrical cluster from its applied technology. But the main characteristic is its principle is different from 3rd generation cluster by applying digital signal processing technology. With the development of Optics, Electronics technology development, especially with the wide application of computer technology in automobile cluster, automobile cluster development direction is digital and intelligent. From the development of cluster, it can be seen the fast development of automobile electronic technology.
In previous pointer type cluster, the information was provided mainly by mechanical pointer, indicator, etc. Now these traditional methods can not meet these requirements. [1] Cluster under MCU control is one good solution for this.
As a supporting technology for Distributed Control and Real-time Control, CAN features high anti-interfering capability, high reliability, simple structure, high communication speed. Traditional cluster faces big challenges with the introducing of more and more electronic devices into automobile. So the intelligent cluster based on CAN bus has been introduced. With its good display effect, powerful functions, it's being widely used in automobile [5] .
MCU technology has been developed to a very high level. It can carry on a lot of complicated computing operations, while it also integrates a lot of hardware features.
With the MCU, LCD can be used to display rich information. Because of its low work voltage, low power consumption, and driven by CMOS circuit directly, LCD has been widely used in each field. And with the technology and process development, LCD will be much cheaper [7] [8] . The modern lattice LCD with great display screen can not only display a variety of characters, but also draw a variety of graphics. Using MCU to control the LCD display has been widely used in the intelligent instruments, including vehicle cluster. [1] And with the integrated hardware functions, MCU has more other functions, such as information interaction. It can receive and transmit information through many communication methods. For example, through CAN bus, it can know the status of most of the electrical modules on vehicle. And it can also receive remote command through CAN bus which is forwarded by the GPS/GSM module after this module receives commands through GSM net. With this, the vehicle cluster has remote control function. This is a useful function in logistics and other applications. In Internet of Things, tracking and controlling of vehicle is an important element.
In the following, it will describe the development of some main functions of digital vehicle cluster.
ALGORITHM OF LATTICE LCD DRAWING
In this digital cluster, LM64P83L with controller QYYD-01 is used as LCD display screen. In this new vehicle digital cluster instrument, it displays the operation parameters of the vehicles, such as vehicle speed, engine speed, fuel quantity, coolant temperature, etc. by graph, dials, and pointers similar as traditional vehicle cluster. Besides this, it also displays information by characters. In this digital cluster, one special area is used to display information from other electrical modules, such as failure information of Engine ECU and other modules, remote commands from GPS/GSM module, etc. By this way, it can provide much richer information to operator.
Drawing of characters is realized by enquiring character form saved in MCU memory area and lighting the corresponding screen pixels. In the following it will introduce some algorithm theories used to draw the dot, line and arc on LCD under the control of MCU.
Determine the Screen Coordinates
Drawing in the lattice LCD is achieved by lighting the corresponding pixel in the LCD screen. The pixel on the LCD screen corresponds with the storage unit of the LCD controller. One byte in the controller's storage unit corresponds with eight neighboring pixels of the LCD screen. The controller controls the LCD display in the unit of byte. To control the LCD to display, the address of the controller's storage unit must be determined, which is corresponded with the LCD screen pixels. [2] [3] Therefore, in order to use the LCD screen, the corresponding relationship between all the pixels of the LCD screen and the storage location of the controller must be clear.
The storage unit address of the control module storage unit, which is corresponded with the pixels of the lattice LCD screen, is not arranged according to the axis way. Therefore, the Cartesian coordinate system on the screen must be established firstly. The corresponding relationship between the pixels on the LM64P83L LCD screen and the storage unit is column-major. Shown in figure 1 , the LM64P83L is controlled by the QPYD-01 controller, and the vertex of the upper left corner of the screen is the origin of its Cartesian coordinates system, and then follow from left to right, each of eight points are one byte. There are 80 bytes per row, and there are 480 rows in total. Therefore, there are 480*80 = 38400 bytes in the storage unit, which is corresponded with the LCD screen. The arrangement of each byte is started from high, that is, they are 7, 6, 5, 4, 3, 2, 1, 0 from left to right. [2] This is shown in figure 2 .
In addition to specify the byte address which is corresponded with the pixel in the controller storage unit, it is necessary to assigned value to the address storage unit.
Take Pixel A(x, y) on the screen as an example. First, its corresponding storage unit address is determined according to its Cartesian coordinates. is the integer part of the results of x/8 which represents the byte position in this line where the pixel is. And the remainder represents the bit of this byte. Then with this remainder, the value to be assigned to the corresponding address byte for lighting the pixels can be obtained. The specific method is that, first assigned to a register 80H, and then loop move the value to the right, loop times are the remainder of the division (if the remainder is zero, then no loop). For example, the pixel (201, 50), its corresponding storage unit is 50*80 + [201 ÷ 8] = 4025. The remainder of 201/8 is 1, so move one bit to the right, and get the result: 40H. Therefore, for lighting the pixel, the 4025 storage unit should be assigned 40H. Of course, the bytes arrangement of different LCD may be different, because the controllers of these LCD are different. For example, the LCD has built-in HD6202U graphic LCD module, which is produced by Varitronix Company. The bytes arrangement of the LCD is rowmajor. But their basic idea is same. That is 8 pixels on the screen correspond with a byte of the controller storage unit.
The dot in the plane graph is a basic element. The way of lighting up a certain pixel of the LCD screen has already been described in the previous section. A complete graph is composed by a number of dots which satisfy certain rules. These rules are called algorithm. Through the algorithm, the coordinates of each dot is obtained. Then, by the drawing methods described above, each corresponding dot is drawn. This completes the graphics drawing. In the following some drawing algorithms for commonly used graphic elements are introduced.
Line Drawing Algorithm
In the plane graph, in addition to the dot, the line is another basic element. Here a line drawing algorithm suitable for MCU is introduced.
There are many algorithms of slope k = (Ye-Ys)/(Xe-Xs) of the straight line whose starting dot is (Xs, Ys) and end dot is (Xe, Ye). In order to avoid the complex floating-point operations, the integral digital differential analysis (Integer DDA) is commonly used in MCU system. The basic idea of the Integer 21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3  2  1  0   0  1  2   0  1  2  3  4  5  6  7  0  1  2  3  4  5  6  7  0  1  2  3  4  5  6 DDA is to avoid the division in the process of calculating the slope K. By ensuring ∆Y ≥ 0, and applying the relationship between ∆Y = Ye-Ys and ∆X = Xe-Xs, divide the slope K into four areas. In each area, using ERR parameters it specifies the error between the location of the established dot and the true line dot. Then with the error the corresponding rule of the drawing dots is determined. The situation of the end dot is also considered in this rule. The four areas are described in the following: Then the new dot coordinate is taken as the current dot (X, Y), and the resulting ERR is the deviation of the dot coordinates. Repeat the above steps until Y = Ye. The initial coordinates (X, Y) is (X, Y), and ERR = 0. [2] Actually, in this algorithm line drawing is divided into four cases according its slope. The program developped according to this algorithm can complete drawing line (the line also includes the slash) well. In figure 5 , it can be seen, except for the horizontal line or vertical line, the other lines are actually composed by many short horizontal lines or short vertical lines. This is because of the discontinuity of the dots on the LCD screen and the principle of this algorithm. This algorithm is suitable for MCU application.
Journal of Algorithms & Computational Technology
Vol. 7 No. 4 385 23 221) K = 0 ~ 1 It's ∆Y ≥ 0,
Circle Drawing Algorithm
The definition of a circle in the plane geometry is the set of the dots which are equidistant from a fixed dot in the plane. Therefore, a lot of drawing algorithms about the circle can be developped based on this definition. Because othe the computing power limit of MCU is limited, it will take long time to perform calculation, especially the calculation of floating-point. In real-time system, this is not allowed. Therefore, for MCU application the calculation operation of the algorithm for drawing circles or arcs should be less. And floating-point operations are not allowed.
Based on above analysis, this paper presents an algorithm for drawing circles, which is called Senham's Circle Algorithm. The idea of this algorithm is that the circle, whose center is the coordinate origin, can be drawn by calculating the arc between 0°and 45°. That is, the radius is increased from 0 to , the solid line shown in Figure 3 . And then calculate the remained 7 arcs by using the symmetry. By comparing the distance between the adjacent dots to the dot of the arc of the circle, the dot with the smaller error is selected as the drawing dot. Take the solid line in Figure 4 arc as an example. According to the definition of the circle, the dot (X1, Y1) should be a dot on the arc. But in the algorithm, only the integer coordinates dots can be used. So according to the algorithm, the dot A or the dot B should be taken. In the figure, dot A is closer to the arc. Therefore, the dot A is taken as the drawing dot to indicated the dot (X1, Y1). For other dots on the arc, the drawing way is same.
In this algorithm, needs to be calculated through floating-point calculations. Therefore, MCU programming becomes complicated. To avoid this calculation, the dotted line of the arc in the Figure 4 is considered. If dot r 2 r 2 (r, 0) is taken as the staring dot, then the value of X is decreased from r to while the value of Y is increased from 0 to . Thus a 45°arc is obtained. [3] The core of this algorithm is the symmetry of circles. The work of drawing circle is finished through drawing two one-eighth arc. With this algorithm, the r 2 r 2
388
On Digital Cluster Instruments Using Lattice LCD°B°( calculations of MCU are greatly reduced. Therefore it is very suitable for the MCU applications.
Dial Drawing Algorithm
By applying this algorithm, the interface of a new vehicle digital cluster instrument is drawn out. It is shown in Figure 4 . The LCD screen is the LM64P83L which is described above. The controller of the LCD is the QPYD-01. In this new vehicle digital cluster instrument, besides various operating parameters of the vehicles, it also displays graph, dials, and pointers similar as traditional cluster instrument. And there is also a special area for displaying information from other electrical modules, such as Engine ECU and other module failure information, remote commands from GPS/GSM module, etc. During vehicle running, parameters digit keep changing. It is very inconvenience for the drivers to view. Therefore, to facilitate reading the driving parameters, the system not only displays the digit on the LCD screen, but also displays graphes. Referring to traditional cluster instrument, the speedometer, engine tachometer dial, pointer, are kept. And the fuel quantity, water temperature and others are shown through the column graphics. All of these graphics are drawn out through the LCD screen, as shown in Figure 4 .
The problem of the division of the scale arc is involved when drawing the speedometer and the engine revolution meter. This problem will be encountered in the instruments which need the LCD to display. After searching a lot of files, it's failed to find the algorithm which is related to the circular scale division. In the following a self developped algorithm is described.
According to the principle of circle, it can be seen that in the same circle, the length of the arc, which is corresponded with the equal central angle or the equal circumferential angle, is equal. Based on this principle, we can get a lot of methods of the division arc, such as the method according to the arc central angle, and the method according to the actual length of the arc. The algorithm used to division arc in this paper is based on the actual length of the arc. According to the Senham's Circle Algorithm it can be seen that to draw a circle is actually done by drawing dots. Each dot can be taken as an equal small arc of the large arc. Thus it is the basis of dividing the arc. Firstly, the total number of the dots which are used to draw the 1/8 arc is got through the experiments. Then this total number divided by the number of the arc segments which are the 1/8 arc is divided into. And the result is the number of the dots which are needed to draw one arc. The arc can be divided evenly. A register should be set up to count the number of the drawing dots, while the system is programming. When the number of the drawing dots is equal to the number of the dots which each arc segment needs, the system can begin to draw the scale, according to the coordinate of the current dot, the coordinate of the center of the circle and the line drawing algorithm described above.
Take the speedometer in Figure 4 as an example, the arc should be drawn firstly, and the scale line should be drawn during the process of drawing the arc. According to the experiments, to draw the 1/8 arc of the speedometer in this paper, 150 dots are needed. According to the design of the speedometer size, this 1/8 arc need to be divided into 6 segments. Therefore, there are 25 dots in the each arc. When the number of the actual drawing dots is equal to the number of scale dots, it should start to draw the scale. The graphic which is actually drawn out is shown in Figure 4 . In this figure, the length of each arc is equal, and the division of the arc is very average. This shows that the algorithm is correct.
INFORMATION INTERACTION FUNCTION DEVELOPMENT
In this digital cluster, some information interaction methods are used.
1) Human-computer interaction button Some buttons are used for operator to inquire vehicle status information, such as total fuel consumption, fuel cost, etc. These information are received from other electrical modules on vehicles via CAN, such as trip recorder, engine ECU, etc.
2) Indicator
To inform driver the warning status of vehicle components, indicators are used, such as engine diagnose indicator, OBD indicator, Oil pressure low indicator, etc. When digital cluster receives failure information from other electrical modules, it will light the corresponding indicator based on the failure information. With indicators, it can inform driver to perform related operation to solve the failures before serious damage and potential safety accident happen.
3) CAN communication
For environment protection reason, emission regulars put forward more and more strict requirements to vehicle and engine emission. And there are many new requirements on vehicle performance, such as safety, drivability, suitability, cost etc. To meet these requirements, more and more complicated electrical modules are used. Information sharing and coordination among these modules becomes necessary. CAN communication is a very popularly used communication protocol. Based on standard CAN protocol, information from all modules are shared on CAN bus. Module on CAN BUS receives the required information from other modules and transmits the required information by other modules. In the following, it will describe the CAN development and its usage in one application.
CAN Bus Structure
In this digital cluster, CAN communication function based on CAN 2.0B and SAE J1939 has been developed. In the application, the digital cluster connects to CAN is used as a commercial vehicle cluster. The schematic diagram of CAN bus is as the following, figure 5 .
From figure 5 , it can be seen that some modules are connected via CAN, such as engine ECU, trip recorder, ABS/ASR module, GPS/GSM module, etc.
With CAN communication function, digital cluster provides much more information to vehicle operator and simplifies vehicle harness. CAN communication enlarges the application range very much. In the following, it describes the application of digital cluster in Internet of Things.
CAN Application
In Internet of Things, tracking and controlling of vehicle is an important part. With the GPS/GSM module installed on vehicle, remote control center can know the vehicle condition very clearly, not only the vehicle trip but also the vehicle status information, such as engine status, ABS/ASR status, etc. Depending on the received information, remote center will send control command to GPS/GSM module via GSM net. Then GPS/GSM module will transmit corresponding message to engine ECU, digital cluster, via CAN.
Another function of GPS/GSM module is in vehicle mortgage. If the vehicle owner buys the vehicle by mortgage, he should pay the loan every month. If once the owner doesn't pay loan for one set time, the remote control center will send command to GPS/GSM module. According to the pre set in software, the GPS/GSM will send reminding message to digital cluster. Then digital cluster will remind the vehicle operator through voice and word in the special displaying area. If some time after this reminding, the mortgage still has not been paid back, the remote control center will send command to control vehicle running at a torque and/or speed limit. In such way, it can control the vehicle loan risk.
CONCLUSION
Intelligent cluster based on micro-processor is one important development direction of cluster. It will provide powerful detecting and controlling platform for cluster used for all fields. The digital cluster under MCU control can richen the cluster function very much. With LCD under MCU control, it can provide much more information of vehicle than traditional pointer type cluster. And with the information interaction methods integrated into the digital cluster, it realizes the information sharing and coordination among the electrical modules on vehicle. This improves vehicle performance very much. CAN bus communication technology is developed based on industrial control and computer net. Based on its top-structure, protocol, real time, reliability, flexibility, and cost, it will be a simple and reliable solution for industrial application, especially in automobile which features small messages and high real time requirements, high reliability requirements.
